Abstract Introduction: The Norwegian Ski Lift Association has since 1996 conducted a central registration of the injuries occurring in the major Norwegian ski resorts to survey the injury types. The aim of this study was to report injury trends in the period 1996-2012.
Introduction
Skiing has been a popular sport in the Nordic countries for more than a century [1] , and snowboarding has gained increasing popularity during the last three decades. But skiing and boarding are not without risk, and it is important to perform epidemiological studies to identify risk factors. Most of the studies have been short-term covering 1-2 seasons [2] [3] [4] [5] , but several good long-term studies have been published from the USA and France [6] [7] [8] [9] .
The Norwegian Ski Lift Association has a central registry of the injuries occurring at the major Norwegian ski resorts since the season 1996/1997 [10] [11] [12] . The purpose of this study is to report the injury trends of skiing and boarding on Norwegian slopes in the 16-year period 1996/97-2011/12.
Material and Methods
The injuries occurring on the slopes of 7-16 major Norwegian ski resorts were recorded by ski patrols during the 16 winter seasons 1996/1997-2011/2012. These slopes accounted for about 50% of the ski lift transport in Norway during the registration period. A skiing/boarding injury was defined as an injury sustained by a skier/boarder who was treated by or consulted the ski patrol after a skiing/boarding accident.
The injuries were related to the type of skiing/boarding, the type and site of accident, age, and gender, skiing/boarding ability, use of protective helmet, physician or hospital treatment, and ambulance transport. Regarding skiing ability, the alpine skiers were classified by their performance of turns: expert (short turns), advanced skiers (parallel turns), intermediate skiers (stem turns), and beginners (plow turns) [13, 14] . The skill of snowboarders, telemarkers, and skiboarders was self-estimated.
The number of skier/boarder days was calculated from sold lift tickets (day cards and season cards). The number of day cards was only recorded from the 2000/2001 season and onwards.
The results are presented as injury rates (number of injured skiers/boarders) per 1000 skier/boarder days, mean days between injuries (MDBI), and prevalences (percentage of injured skiers and boarders in various groups). Differences were evaluated by Chi square and 2 × 2-table tests and considered significant when P < 0.05.
Results

Injury-Related Factors
Injury rates-A total of 55127 injured skiers and boarders were recorded. The injury rate declined from 1.47 injuries per 1000 skier/boarder days (680 MDBI) in the 2000/2002 seasons to 1.27 injuries per 1000 skier/boarder days (787 MDBI) (P < 0.001) in the 2010/2012 seasons ( Fig. 1) . Fifty-six percent of the injuries required physician or hospital treatment and 15% ambulance transport.
More than half of the injuries occurred during alpine skiing. Snowboarding peaked with 45% of the injuries in the two seasons 2000/2002, declining to 28% of the injuries during the last two seasons. Telemarking injuries dropped from 9 to 2% and skiboarding injuries from 4 to 2% of all injuries in the period (Fig. 2 ). Location and type of injury-Many of the injuries were similarly distributed among skiers and boarders, but alpine skiers suffered more lower extremity injuries, especially knee injuries (24%) compared to snowboarders (7%) (P < 0.001), whereas the reverse was observed for wrist injuries with 22% for snowboarders and 5% for alpine skiers (P < 0.001) in the last 2-year period (Fig. 3) . The prevalence of knee injuries among alpine skiers has been about 25% throughout the period, but wrist injuries for snowboarders dropped from 29 to 22% (P < 0.001) (Fig. 4) . Lower leg fracture was 5.6% for alpine skiers compared to 0.7% for snowboarders (P < 0.001) in the 2010/2012 seasons, and this difference has been almost unchanged in the 16-year period. Hand injuries among alpine skiers dropped from 11 to 6% (P < 0.001) in the same period (data not shown).
Injury site-Most of the injuries occurred on groomed slopes, but an increasing number of injuries occurred in terrain parks, from only 4% in the 2000/2002 seasons to 24% in the last two seasons when 35% of the snowboarders and 20% of the alpine skiers (P < 0.001) suffered their injury in terrain parks (Fig. 5) . Injuries in terrain parks were more serious (more fractures, back injuries, and ambulance transports) than those occurring at other locations (Table 1) , and the prevalence of back injuries increased from 6 to 12% for snowboarders (P < 0.001) and from 5 to 8% for alpine skiers (P < 0.001) in the period (Table 2 ). Injuries suffered off pist and in ski lifts have been stable during the registration period and accounted for about 10%, respectively 5% of all injuries (Fig. 5) . 
Skier-Related Factors
Age-Twenty percent of the injured skiers/boarders were children <13 years, 38% adolescents 13-19 years and 42% adults >19 years. The prevalence of lower leg fracture was related to age and dropped from 20 to 13% for alpine skiers <13 years during the observation period (P < 0.001), but remained almost unchanged and about 4% for teenagers and adult skiers (Fig. 6 ).
Gender-Forty percent of the injured skiers/boarders were females and 60% males. Knee injuries were related to gender, and the prevalence was twice as high for females as for males throughout the period (Fig. 7) , whereas the reverse was observed for shoulder injuries (Fig. 8) .
Skiing/boarding ability-The skiing/boarding ability increased significantly (P < 0.001) during the 12-year period 2000-2012 (Table 3) , and the ability for snowboarders increased in the period 1996-2012 (P < 0.001). (Table 4 ). In the 2010/2012 seasons, alpine skiers <13 years suffering lower leg fracture had a significant lower skiing ability than alpine skiers in the same age group suffering other injuries (P < 0.001) ( Table 5 ). The ability of the latter increased significantly (P < 0.001) from the 1996/1998 to the 2010/2012 seasons (Table 5) . 
Equipment-Related Factors
Helmet-The use of helmet by injured skiers/boarders increased from 11 to 81% in the period, and the prevalence of head injuries dropped from 19 to 16% (P < 0.001) (Fig. 9 ). In the 2010/2012 seasons, 15.8% of the skiers/boarders wearing helmet suffered a head injury compared to 16.9% of those without helmet. More skiers/boarders n = number of injured alpine skiers *Significant lower skiing ability in children with lower leg fracture compared to children with other skiing injuries (P < 0.001). # Significant higher skiing ability of alpine skiers with other injuries in the 2010/2012 compared to the 1996/1998 seasons without helmet needed transport direct to hospital or physician than those with helmet ( Table 6 ). The prevalence of neck injury has been about 3% and similar for skiers/boarders with and without helmet throughout the study.
Wrist guard-Only 4% of injured snowboarders used wrist guards.
Discussion
The injury rate decreased by 14% during the period 2000-2012. The number of sold day cards was not recorded before 2000, only the number of lift transports. The injury rate is significantly related to skiing ability [8, 9, 15, 16] , and the ability on the slopes increased significantly for skiers/boarders during the period (Table 3) . This may partly explain the reduced injury rate at the end of the period. Also Shealy et al. [9] report a reduction of the injury rate in a ski patrol study from 14 American ski resorts in the period 2000-2010, where the injury rate was 2.6 per skier visit in 2000 and 2.5 in 2010. Kim et al. [7] found a decrease in injury rate for alpine skiers, but not for snowboarders in the period 1988-2006 in a study from Vermont, USA. Laporte et al. [8] found an overall decrease in injury rate from 2.7 to 2.43 injuries per 1000 skier/boarder days during the period 2005-2010 in a study from 32 French ski resorts. The injury rate for alpine skiers remained stable in the period, whereas that of snowboarders declined after 2006. Most of the injuries occurred during alpine skiing, whereas snowboarding peaked with 45% of the injuries on the slopes in the 2000/2002 seasons (Fig. 2) . This is not related to differences in risk for alpine skiing and snowboarding, but to the size of the population of skiers and boarders on the slope. The popularity of alpine skiing increased after the carving skis were introduced in the late 1990, with a corresponding sales reduction of snowboards. The popularity of telemark skiing has also gradually decreased during the registration period. Skiboards were introduced in 2002 but did not gain popularity with low sales of the equipment. Also Kim et al. [7] report that snowboarders peaked with 34% of the population on the slopes in 2000/2001 and then dropped to 20% the last years of their study that ended in 2006.
Alpine skiers suffer mainly knee injuries whereas snowboarders suffer mainly wrist injuries. This is in agreement with several other reports [7, 9, 17] . The prevalence of knee injuries in alpine skiers remained almost the same during the period as also reported by Kim et al. [7] and Shealy et al. [9] , but the prevalence of wrist injuries in snowboarders decreased (Fig. 4) . Beginners were significantly overrepresented among snowboarders with wrist injuries [7, 8, 12] . Snowboarding ability increased significantly during the period with less beginners on the slopes (Table 4) , and this may be a possible explanation for the reduced prevalence of wrist injuries at the end of the period. This finding is in accordance with that of Laporte et al. [8] from France whereas both Kim et al. [7] and Shealy et al. [9] found an increase of wrist injuries over time in the USA. The two latter studies do not report if the snowboarding ability changed in the recorded period.
The prevalence of knee injuries was twice as high in females as in males, whereas the reverse was observed for shoulder injuries. These findings were observed throughout the 16-year registration period (Figs. 7 and 8) , and have also been reported by others [17] [18] [19] [20] . This significant gender difference is observed both in alpine skiing, snowboarding, telemark skiing, and skiboarding, and in each of the four skiing/boarding ability groups: expert, advanced, intermediate, and beginner [12] . It may be due to anatomical sex differences and related to differences in strength and elasticity of ligament and muscles, but so far we have no convincing explanation for these observations.
The prevalence of lower leg fracture in alpine skiers was significantly higher for children than for older skiers (Fig. 6) , as reported previously [21, 22] . The risk for lower leg fracture in alpine skiers decreased significantly in the 1970 and 1980, probably due to better boots and release bindings, and better binding setting and adjustment in the ski shops, levelling out to a lower plateau from the 1990 [6] . This has not been observed to the same degree in children where the prevalence of lower leg fracture decreased from 20% in the 1996/1998 seasons reaching a plateau of 12-13% from the 2006/2008 seasons. Alpine skiers <13 years with lower leg fracture have a significant lower skiing ability than skiers <13 years with other injuries, and the skiing ability of the latter increased significantly during the registration period (Table 5) . This may partly explain the reduction of lower leg fracture for children in the period, together with better boots and bindings with correct adjustment and setting, and less use of second-hand equipment [23] . Also Greenwald and Laporte [22] have reported beginners to be overrepresented among skiers with lower leg fracture.
Use of a protective helmet increased from 11 to 81% in the period, but the prevalence of head injury only dropped from 19 to 16% (Fig. 9) . Helmet offers protection against head injuries [24] [25] [26] , but the reduction of the head injury prevalence of three percentage points or 16% after an increase of helmet use of 60 percentage points or more than seven times is less than expected and in agreement with the findings of Sulheim et al. [27] . But the injuries suffered by skiers/boarders without helmet were probably more serious as more of them required transport direct to hospital or physician than those suffered by skiers/boarders with helmet (Table 6 ). Skiers/boarders with helmet suffering head injuries had a higher ability than all injured skiers/boarders with helmet [12] . This may indicate that they ski faster on the slope and may have a sensation seeking behavior [25, 28] . The prevalence of neck injuries has been similar for skiers/boarders with and without helmet throughout the study. Thus, the use of helmet does not increase the risk for neck injuries, as also reported by Cusimano and Kwok [26] .
Most of the injuries occurred on groomed slopes, where most of the skiing/ boarding population was located. Terrain parks started to appear in the ski resorts around 2000, and since then an increasing share of the injuries occur in terrain parks (Fig. 5) . More fractures and back injuries occurred in terrain parks than in other slopes and more injuries from the parks required ambulance transport (Table 1) , suggesting the injuries in terrain parks to be more serious. It is difficult to record the injury rate in terrain parks. Laporte et al. [8] reported an increased rate compared to the overall injury rate, whereas Shealy et al. [9] found no evidence for an increased injury rate in terrain parks.
The strength of this study is the high number of injuries recorded in the largest Norwegian ski resorts by the same method during 16 successive ski seasons. The limitation is the lack of a control material of uninjured skiers/boarders from the same period. In the 2001/2002 season, we were able to collect a representative control material enabling us to perform a case-control study with calculation of injury rates and injury risk for different groups of skiers/boarders [5, 16] . Another limitation is that the diagnoses have been made by ski patrols, and some conditions like fractures may have been over diagnosed. The prevalence of the different injuries has, however been quite consistent during the 16-year period. We therefore think that any weakness of diagnostic accuracy by the ski patrols may partly be compensated by the high number of injured skiers/boarders in the material. The ski patrol may also pick up some minor injuries not needing medical attention.
Conclusion
The injury rate on Norwegian slopes dropped 14% during the period 2000-2012, possibly due to an increase of the skiing/boarding ability. The prevalence of wrist injuries in snowboarders was also reduced, whereas the boarding ability increased. The prevalence of back injuries in snowboarders increased by 100% from 1996 to 2012, and this may be related to one-third of the injuries occurred in terrain parks at the end of the period. The prevalence of knee injuries was twice as high in females compared to males, whereas the reverse was observed for shoulder injuries throughout the period. The prevalence of lower leg fracture in children dropped by 35% at the end of the period, whereas the skiing ability of children with other injuries increased. The use of helmet increased more than seven times among injured skiers/ boarders to 81%, and the prevalence of head injuries dropped with 16% at the end of the 16-year period.
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